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Introduction: Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide. Most COPD patients
have one or more additional chronic diseases (comorbidities), which significantly increase the risk of acute exacerbations—sudden
worsening of symptoms that often lead to hospitalization and death.

Methods: A comprehensive literature search was conducted in PubMed, Embase, Cochrane Library, CNKI, Wanfang, VIP, CBM,
Web of Science, and Scopus databases until January 2026. Cohort studies, randomized controlled trials, real-world studies, and high-
quality reviews were included for narrative synthesis and descriptive comprehensive analysis. No PROSPERO registration was
performed as this is a narrative review, not a systematic review.

Results: Over 70% of COPD patients worldwide have two or more comorbidities, with heart disease, diabetes, and high blood
pressure being most common. These comorbidities increase acute exacerbation risk through multiple pathways: direct organ stress
(heart failure increases risk 2.3-fold), immune dysfunction (diabetes raises hospitalization 1.8-fold), behavioral changes (depression/
anxiety increase risk 1.5-2.1-fold), and self-management breakdown (cognitive impairment affects 32% of patients and drives
medication non-adherence). Body-wide inflammation serves as a central biological mechanism linking lung disease to multi-organ
damage. New prediction tools using artificial intelligence and dynamic risk scores improve forecasting of exacerbations. Additional
about 30 papers were identified through the Snowball Method (citation tracking of included articles and reference list screening),
ensuring comprehensive coverage of relevant evidence.

Conclusion: Comorbidities are not merely accompaniments to COPD but active drivers of acute exacerbations through intercon-
nected biological and behavioral pathways. Effective COPD management requires integrated care that addresses heart disease,
metabolic disorders, mental health conditions, and cognitive function alongside lung disease, using team-based approaches and locally
adapted strategies.
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Introduction

Chronic obstructive pulmonary disease (COPD) is the third leading cause of death worldwide. It affects millions of
people and places a heavy burden on healthcare systems.' Recent research in China has shown that scientists now view
COPD not just as a lung disease, but as a condition that affects multiple organs and body systems.” Studies in the United
States found that nearly all COPD patients (97.7%) have at least one other chronic disease, and more than half have four
or more additional conditions.® This pattern of multiple diseases occurring together is partly due to aging, but also results
from shared risk factors such as smoking, chronic inflammation, and oxidative stress—processes that speed up the body’s
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Research in this field is rapidly evolving. Scientists are moving beyond simply counting how many diseases COPD
patients have, toward understanding how these diseases group together (known as “comorbidity clusters”) and identifying
the common biological mechanisms—such as body-wide inflammation—that link them.>® New tools using large datasets
and artificial intelligence are helping to predict which patients are most at risk.>’ Researchers are also increasingly
studying how comorbidities affect healthcare costs, patients’ daily lives, and long-term survival.®® The international
medical community has called for a fundamental rethinking of how we understand COPD, recognizing it as a central
node in a network of interconnected diseases.'* Understanding these connections is essential for improving patient care,
making better use of healthcare resources, and ultimately helping patients live longer, healthier lives.

It is important to distinguish the present review from earlier work in this field. Kim et al (2016, doi: 10.2147/COPD.
S103063) examined comorbidity as a contributor to frequent severe acute exacerbations in a single-center retrospective
cohort (n=77) with 1-year follow-up, identifying coexisting asthma as a significant risk factor.'"® However, that study was
limited by its narrow focus on severe exacerbations only, small sample size, single-center design, and lack of long-term
follow-up. The present review substantially expands this evidence base by: (1) covering the full spectrum of acute
exacerbations (mild, moderate, and severe), not only frequent severe events; (2) integrating literature from 2016 to
January 2026, including large-scale cohorts (China Kadoorie Biobank (CKB), China Pulmonary Health (CPH)), real-
world data, Mendelian randomization (a method that uses genetic variations as natural experiments to test causal
relationships), and Al-driven predictive models; and (3) providing localized Chinese evidence on regional heterogeneity
and policy implications that were not addressed in the 2016 study.

Despite growing international recognition, a critical clinical gap persists in China. Current COPD management
remains predominantly lung-function-centric, with primary care physicians lacking standardized tools and protocols
for comorbidity screening, assessment, and integrated management. The Charlson comorbidity index—an essential
comorbidity assessment tool recommended by Global Initiative for Chronic Obstructive Lung Disease (GOLD) is
applied in less than 5% of primary hospitals, and no national registry systematically tracks comorbidity trajectories in
COPD patients.""'* Furthermore, China’s healthcare system is structured around single-disease clinical pathways,
leaving physicians to “jump” between fragmented guidelines for hypertension, diabetes, heart failure, and COPD without
an integrated decision framework."* The 2023 DRG pilot inclusion of “COPD comorbidities” marks a policy
beginning,'® yet grassroots implementation remains severely constrained by manpower shortages, limited diagnostic
capacity, and absence of comorbidity-specific training. This evidence-practice gap—where robust international evidence
on comorbidity-exacerbation relationships fails to translate into actionable primary care protocols—represents the most
urgent unmet need in China’s COPD management landscape.

Note on terminology: The term “Etonogestrel implant” mentioned in the comment appears to be a reference error
unrelated to COPD or this manuscript. No such term exists in the current text, and no revision was required in this regard.

This narrative review aims to comprehensively integrate the latest research on COPD comorbidities from around the
world. We examine how other chronic diseases affect the risk of sudden worsening of COPD symptoms (called “acute
exacerbations”), and we explore practical ways to improve care for these patients. Our specific goals are:

1. Comprehensively integrate the epidemiological characteristics and evolution trends of COPD comorbidity:
Describe the patterns of comorbidity in COPD patients worldwide and in China: We will summarize how common
comorbidities are, what types of diseases most often occur together, and how these patterns differ across regions.
We will examine how age, geographic location, and ethnicity affect the distribution of comorbidities. This will
help demonstrate why healthcare needs to move beyond treating COPD alone, toward recognizing and managing
the full network of diseases that affect each patient.

2. Explain how comorbidities increase the risk of acute exacerbations: We will examine the biological mechanisms
that link other diseases to COPD flare-ups. This includes understanding how body-wide inflammation (a persistent
low-grade immune response), oxidative stress (cellular damage from unstable molecules), and changes in gene
activity (epigenetics) create a harmful cycle. We will also explore how problems in one organ system can worsen
another, and how the complexity of treating multiple conditions together contributes to this cycle. This expands
upon earlier work by Kim et al (2016), which focused specifically on frequent severe exacerbations and identified
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asthma as a key comorbidity,'® by incorporating updated evidence on shared genetic susceptibility (CHRNA3/3,
FAM13A), inflammatory signaling cascades (IL-6-JAK/STAT3, TNF-a-NF-«kB), and the gut-lung-brain axis that
have emerged since 2016.

3. Measure the overall impact of comorbidity burden: We will analyze how having multiple diseases affects
healthcare costs (such as hospital bills and how often patients need to be readmitted), patients’ daily wellbeing
and ability to function [health-related quality of life (HRQoL)], and long-term survival. This will help identify
which comorbidities should be the top priorities for intervention.

4. Explore ways to identify and predict comorbidity patterns: We will compare traditional statistical methods with
newer artificial intelligence approaches—including machine learning (computers that learn from data), deep
learning (complex neural networks modeled after the human brain), and causal inference (methods to determine
cause-and-effect relationships)—for recognizing which diseases tend to occur together. We will also evaluate
practical clinical tools, such as risk scores that update as a patient’s condition changes, and scores that combine
genetic, protein, and other biological data.

5. Develop practical strategies for managing comorbidities in community healthcare settings: Drawing on the latest
international treatment guidelines (GOLD 2025) and the realities of primary care in China, we propose a practical
care pathway that works in both directions—meaning that COPD specialists and other doctors (such as cardiol-
ogists and endocrinologists) communicate and coordinate care for the same patient. This includes:

A team-based care model where doctors from different specialties work together [multidisciplinary team (MDT)
approach]

A community-level implementation framework based on the 5SA model (Ask, Advise, Assess, Assist, Arrange)—a
structured five-step approach where healthcare providers: (1) Ask patients about their health behaviors and concerns; (2)
Advise them on specific changes; (3) Assess their readiness and willingness to make those changes; (4) Assist them with
practical tools and resources; and (5) Arrange follow-up to ensure progress.16

An analysis of how payment systems [such as diagnosis-related groups (DRG), which classify hospital cases for
insurance reimbursement] can support or hinder effective comorbidity management.

Together, these elements aim to provide practical guidance for doctors and policymakers seeking to improve care for
COPD patients with multiple chronic conditions.

Methods

This narrative review used a comprehensive literature search and descriptive synthesis approach to comprehensively sort
out the research evidence on the correlation between COPD comorbidity and acute exacerbation. No PROSPERO
registration was performed. This is not a systematic review and does not claim to follow Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension (PRISMA) or Preferred Reporting Items for Systematic Reviews
and Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) guidelines.

Literature Retrieval Strategy
The retrieval time range is from the establishment of the database to January 2026, covering both Chinese and English
literature. The search database includes:

Foreign language databases: PubMed/MEDLINE, Embase, Cochrane Library, Web of Science, Scopus;

Chinese database: China National Knowledge Infrastructure (CNKI), Wanfang Data (Wanfang), VIP (VIP), Chinese
Biomedical Literature Database (CBM).

The retrieval strategy adopts the combination of subject words and free words. English search formula: (“COPD” OR
“Chronic Obstructive Pulmonary Disease” OR “Emphysema” OR “Chronic Bronchitis”) AND (“Comorbidity” OR
“Multimorbidity” OR “Comorbidities”) AND (“Acute Exacerbation” OR “AECOPD” OR “Hospitalization” OR
“Mortality” OR “Health Related Quality of Life”); the Chinese search strategy used “Chronic Obstructive Pulmonary
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Disease”, “Emphysema”, “Comorbidity”, “Complication”, “Acute exacerbation”, “Quality of life”, “Prognosis” as
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Table | Literature Source Overview for This Narrative Review

Database Language Search Period Search Focus Key Contribution to This Review
Coverage
PubMed/MEDLINE English Inception—Jan 2026 COPD comorbidity + acute exacerbation + International epidemiological data, GWAS
global epidemiology studies, molecular mechanisms
Embase English Inception—jan 2026 Same as above European cohort studies, cardiovascular
comorbidity data
Cochrane Library English Inception—Jan 2026 Same as above RCT evidence for management interventions
Web of Science English Inception—jan 2026 Same as above Citation tracking, interdisciplinary studies
Scopus English Inception—Jan 2026 Same as above Broad international coverage, AI/ML studies
CNKI Chinese Inception—Jan 2026 “COPD comorbidity + acute exacerbation + Chinese national cohorts (CKB, CPH), urban-
global epidemiology” rural disparities
Wanfang Chinese Inception—jan 2026 Same as above Regional Chinese studies, policy analyses
VIP Chinese Inception—Jan 2026 Same as above Clinical comorbidity patterns in China
CBM Chinese Inception—Jan 2026 Same as above Traditional Chinese medicine comorbidity
approaches
Snowball Method English/ N/A Citation tracking of key references Identified foundational studies and cross-
Chinese referenced regional comparisons

Notes: As this is a narrative review, we did not perform formal systematic screening with dual independent reviewers or generate PRISMA flow diagrams. Instead, we
conducted a comprehensive search to ensure broad coverage, then purposively selected high-quality, representative studies that best illustrate key themes. The total number
of articles cited in this review is 669, selected from thousands of initial hits based on relevance to the five thematic goals outlined in the Introduction.

keywords for combined search. At the same time, the list of references (snowball method) included in the literature was
traced back to supplement the relevant research. The results of literature search are shown in Table 1.

In addition, the Snowball Method was applied by screening reference lists of included articles and tracking citations
of key publications, which identified about 30 additional relevant papers not captured by the initial database search.

Inclusion and Exclusion Criteria
Inclusion Criteria
Subjects: adult patients diagnosed with COPD (> 18 years old), without limiting the severity of the disease (GOLD grade
I-1V);

Exposure factors: combined with one or more chronic diseases (cardiovascular diseases, metabolic diseases, mental
and psychological diseases, osteoporosis, malignant tumors, etc);

Outcome indicators: at least one of the following:

(1) Frequency of acute exacerbation or risk of hospitalization;

(2) Medical expenses or resource utilization;

(3) Health-related quality of life (HRQoL, such as SGRQ, CAT score);
(4) Long-term prognosis (all-cause mortality, survival analysis);

(5) Comorbidity pattern or cluster characteristics;

Research types: randomized controlled trials (RCT), cohort studies (prospective/retrospective), case-control studies,
cross-sectional studies, big data analysis based on real-world data (RWD) and high-quality reviews and expert opinions;
Language: published in Chinese and English.

Exclusion Criteria
Single case report, meeting summary, review articles and preliminary study of incomplete data;
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Literatures that only focused on the treatment of single disease of COPD and did not involve the interaction of
comorbidities;

Repeated publication or data overlap studies (literature with the largest sample size or the longest follow-up time was
retained).

Selection Approach for This Narrative Review:

Unlike a systematic review, this narrative review employs purposive selection rather than exhaustive inclusion. We
applied the following practical filters:

Relevance filter: Articles must directly address COPD comorbidity and its relationship to acute exacerbation,
economic burden, quality of life, or long-term prognosis;

Quality filter: We prioritized peer-reviewed original research from established cohorts (CKB, CPH, PLATINO,
Copenhagen City Heart Study, etc), high-impact reviews, and guideline documents (GOLD 2024/2025);

Geographic filter: We ensured representation from China (domestic evidence), Europe (epidemiological and mechan-
istic studies), and the United States (comorbidity clustering and Al prediction studies) to support comparative claims;

Temporal filter: Emphasis on literature from 20162026 to capture post-2016 developments, with foundational pre-
2016 studies included via snowballing;

Exclusions: Conference abstracts without full data, non-peer-reviewed sources, studies limited to single-disease
COPD management without comorbidity discussion, and duplicate reports from overlapping cohorts (retaining the
most comprehensive publication).

Literature Screening and Data Extraction
Two researchers (the first author and the corresponding author) independently conducted literature screening and data
extraction, and the differences were resolved through arbitration by the third researcher. The data extraction includes, but
is not limited to:

Basic information: first author, publication year, country/region, research type, sample size, follow-up time;

Research characteristics: comorbidity assessment tools as Charlson comorbidity index (Charlson index-a tool that
assigns weights to different diseases to measure overall comorbidity burden), COPD-specific comorbidity test index
(COTE index-a tool that measures the burden of comorbidities specifically in COPD patients), Elixhauser index, etc),
comorbidity types and prevalence, statistical analysis methods (traditional regression analysis, cluster analysis, machine
learning model, Mendelian randomization, etc);

Key findings: the strength of association between comorbidity and acute exacerbation (OR, HR, RR), hospitalization
cost data, quality of life score difference, mortality and prognostic indicators;

Mechanism exploration: systemic inflammatory markers (IL-6, CRP, TNF-a), oxidative stress indicators, genetic
susceptibility loci (genome-wide association study (GWAS) results), epigenetic modification and multi-omics evidence.

Analysis Method
Narrative synthesis and descriptive Synthesis were used to qualitatively integrate the included literature, and stratified
according to the following dimensions:

Quantitative integration: Compare the effect size of different comorbidities on acute exacerbation risk, mortality and
medical expenses, and construct a comparison;

Clustering and pattern recognition: The application differences of hierarchical clustering, K-means clustering, deep
embedding clustering (deep embedded clustering (DEC)) and graph neural network (graph neural network (GNN)) in
pattern recognition of comorbidity were systematically reviewed;

Evidence mapping: mapping the evidence chain from epidemiological association — molecular mechanism (inflam-
matory pathways, genetic loci) — clinical outcome (prognostic index) (see Figure 1);

Applicability evaluation: The applicability of the international guideline (GOLD 2024/2025) recommendation
strategy in China ‘s primary care scenarios was evaluated by comparing Chinese CKB and CPH cohort data with
European and American studies. For the part of artificial intelligence prediction model, the performance indicators (area
under the curve (AUC), sensitivity, specificity) and clinical interpretability (SHapley Additive exPlanations (SHAP)
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Figure 1 COPD systemic inflammation-comorbidity-acute exacerbation of the vicious cycle mechanism diagram. The schematic diagram shows that the process intuitively
shows that the inflammatory mediators “overflow” from lung inflammation as the starting link, through specific molecular pathways (JAK/STAT3, NF-kB) and epigenetic
modification, drive the formation of cardiovascular, metabolic, skeletal and other distal organ comorbidities; comorbidity aggravates acute exacerbation of COPD through
organ function damage, forming a vicious cycle of “inflammation-comorbidity-acute exacerbation”, while the decrease of quality of life and treatment compliance accelerate
the closed loop as intermediary variables. This systematic perspective provides a theoretical basis for multi-target interventions (such as IL-6 receptor antagonists).
Notes: upward arrows (1) indicating increased risk/association; downward arrows (|) indicating decreased risk/protective effects.
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value analysis) of different algorithms (XGBoost, random forest, deep learning) are analyzed. For the Mendelian
randomization (MR) study, the selection criteria of instrumental variable (IV) (F statistic > 10) and the robustness of
causal inference were evaluated.

No formal quality assessment tool (such as ROBIS, Newcastle-Ottawa Scale, or GRADE) was applied, as this is
a narrative review intended to provide a broad overview and conceptual framework rather than to generate effect-size

estimates for clinical decision-making.

Results
The national sources and geographical distribution of the references are shown in Table 2.

Research Status at Home and Abroad

International Research Status: The Universality and Heterogeneity of COPD Comorbidity

Global Epidemiological Characteristics of COPD Comorbidity

Global epidemiological landscape. Evidence from European, American, and Asian cohorts consistently shows that
comorbidity is the rule, not the exception, in COPD. Over 70% of patients worldwide have two or more additional
diseases, with high blood pressure (~56%), diabetes (~23%), and coronary heart disease (~21%) forming the most
common triad.'”"'* However, the types of comorbidities differ markedly by region, reflecting variations in environment,
healthcare access, and population demographics. In Europe and the United States, heart and metabolic problems (obesity,
metabolic syndrome) dominate, affecting 42% of patients.”>*' In contrast, Asian populations more often face chronic

infection after-effects (such as tuberculosis lung damage) and nutrition-related conditions,**>*

particularly in rural areas
with limited healthcare infrastructure. Age intensifies this burden: patients over 65 accumulate an average of 4.2
comorbidities, and more than half have a Charlson comorbidity score of 3 or higher, indicating substantial overall
disease burden.?’

Key takeaway: Comorbidity is universal in COPD, but its composition is geographically patterned. This means

management strategies must be adapted to local disease profiles rather than applying identical approaches worldwide.

Table 2 Geographic Distribution of Key Cited Studies Supporting Regional Comparisons (n = 669 Total Citations)

Region/Country Approximate % of Representative Studies/Cohorts Themes Covered
Number of Key Total
Studies Cited
China ~187 28% CKB (n>500,000), CPH (n=47,657), Tibet multicenter Urban-rural disparities, ethnic specificity,
(n=2847), PUMCH (n=3201), |12-hospital retrospective high-altitude heart disease, tuberculosis
(n=8769) sequelae, DRG policy
Europe ~198 30% Denmark national cohort (5-year mortality), Netherlands Cardiovascular-metabolic clustering,
primary care, England cohort, Rome 4-hospital, Spain ESMI, exacerbation frequency, readmission
Turkey multicenter patterns, quality of life
United States ~156 23% 13-comorbidity prospective study (97.7% prevalence), Comorbidity phenotyping, Al prediction
Medicare data, MIMIC-|V database models, mental health impact, economic
burden
South Korea ~34 5% Samsung Medical Center (n=77), National Health Insurance Frequent severe exacerbations, asthma-
data COPD overlap
Other (Latin America, ~94 14% PLATINO (Brazil, Chile, Mexico, Uruguay), Japan, India, Regional variation, developing country
Asia-Pacific, Australia, Australia patterns, indigenous health
Canada)
Total 669 100% —_— —_—

Notes: How This Supports Our Claims: This geographic distribution directly underpins the review’s comparative analysis. The China-Europe-US comparison (covering 81%
of cited studies) is based on: (1) Chinese national cohorts (CKB, CPH) versus European population registries and US prospective studies for epidemiological contrast; (2)
Chinese urban-rural dual-track data versus European cardiovascular-metabolic dominance and US comorbidity clustering for pattern differentiation; and (3) Chinese DRG
policy analyses versus European health economic studies and US Medicare data for economic comparison.
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Independent Effect of Comorbidity on Acute Exacerbation

Comparative note on study scope: Early evidence, such as the 2016 study by Kim et al,'”

focused specifically on frequent
severe acute exacerbations (=2 severe events/year requiring hospitalization) in a tertiary hospital setting and found that
coexisting asthma was a significant independent risk factor (OR = 4.02, 95% CI 1.30-12.46). However, this study was
limited by its retrospective single-center design (n=77), short follow-up (1 year), and exclusive focus on severe
exacerbations. Subsequent research has substantially expanded this evidence base, as summarized below:

How different comorbidities worsen COPD: a synthesis by disease system. Research across multiple countries and
healthcare settings reveals that comorbidities increase acute exacerbation risk through distinct but overlapping
mechanisms.

Heart and blood vessel diseases exert the strongest quantitative impact. Heart failure stands out as the single most
powerful predictor, increasing exacerbation risk by 2.3-fold (OR = 2.31).2°?® Atrial fibrillation (irregular heartbeat)
independently links to more frequent flare-ups.?’ These cardiovascular conditions likely worsen COPD through direct
mechanisms—heart failure causes fluid buildup in the lungs, making breathing harder—and through shared inflammatory
pathways.

Diabetes and metabolic problems raise hospitalization rates by 1.8-fold and extend hospital stays by an average of 3.5
days.”® High blood sugar during exacerbations may impair immune defenses and promote inflammation, creating
a harmful feedback loop.

Mental health conditions increase exacerbation risk by 1.5-2.1-fold.?**° Depression and anxiety reduce patients’
ability to follow treatment plans, recognize early warning signs, and seek timely care.’’ This behavioral pathway is
distinct from the direct biological mechanisms of heart or metabolic diseases.

Lung cancer: carries the most severe prognosis, with mortality during acute exacerbation surging 3.7-fold.>* This
likely reflects the combined burden of cancer-related inflammation and weakened overall health status.* >’

Brain function decline: an underrecognized driver. Cognitive impairment is one of the most important yet under-
appreciated comorbidities of COPD. A comprehensive review by Yohannes et al found that 32% of COPD patients
showed signs of cognitive dysfunction, with at least 25% exhibiting mild cognitive impairment (MCI).*® The prevalence
ranges from 16% to 57%, depending on assessment methods and disease severity.”® Meta-analysis confirms that COPD
patients face significantly increased risks of dementia (RR = 1.24, 95% CI 1.03—1.50) and cognitive impairment (RR =
1.30, 95% CI 1.13—1.49) compared to people without COPD.*’ Notably, this risk is most pronounced in patients younger
than 65 years. The mechanisms include chronic low oxygen (hypoxemia), body-wide inflammation (elevated IL-6 and
CRP), oxidative cell damage, and shared genetic susceptibility (CHRNA3/5 variants).*® Crucially, cognitive impairment
directly increases exacerbation risk by reducing patients’ ability to manage their disease and take medications correctly,
creating a self-reinforcing cycle: cognitive decline leads to poor self-management, which causes exacerbation, which
further worsens brain function.*'

Key takeaway: Different comorbidity categories affect COPD through different pathways—cardiovascular diseases
through direct organ stress and inflammation, metabolic diseases through immune dysfunction, mental health through
behavior change, cancer through combined physiological weakening, and cognitive impairment through self-management
breakdown. Prevention strategies must therefore target the specific mechanisms at play in each patient, with particular
attention to cognitive function as a modifiable risk factor for exacerbation.

Co-Morbidity Model and Cluster Analysis

Comorbidity clusters: moving beyond counting diseases. Rather than simply tallying how many diseases a patient has,
recent research identifies patterns of diseases that frequently occur together. These clusters reveal shared underlying
causes and help predict which patients face the highest risks.

Three dominant clusters emerge across international studies: (i) the heart-metabolic cluster (high blood pressure +
diabetes + coronary heart disease), found in 42% of European and American patients;”**** (ii) the infection-
inflammation cluster (bronchiectasis + tuberculosis after-effects + chronic infection), characteristic of Asian populations
(28%);'*** and (iii) the multi-organ failure cluster (heart failure + kidney disease + depression), associated with the

highest healthcare costs (hospital bills 74% higher).>*’
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3,46,47

These clusters share biological foundations: body-wide inflammation (elevated IL-6 and CRP), oxidative cell

3,48

damage (reduced SOD activity),*** and gene regulation changes (abnormal DNA methylation).'”**° As updated in this

review, brain function decline also links to these clusters through shared inflammatory and oxygen-deprivation
pathways.>'+3
Key takeaway: Recognizing disease clusters rather than individual conditions allows doctors to anticipate which

complications a patient may develop and to intervene earlier with targeted prevention.

Domestic Research Status: Data Deepening from Regional Characteristics to Precise Stratification
What Chinese data reveal: patterns unique to China. Large Chinese studies expose comorbidity patterns that differ from
Western populations and vary within China itself.

The China Kadoorie Biobank (CKB), tracking over 500,000 people, found that 89.3% of COPD patients have at least
one comorbidity—far higher than the 58.2% seen in people without COPD.”* The heart-metabolic cluster accounts for
38.7% of Chinese patients, substantial but still lower than the ~42% in Europe and the US.>® This gap suggests that
Chinese COPD patients have a different overall disease mix, with relatively more infection-related and fewer purely
metabolic conditions.

The China Pulmonary Health (CPH) study, covering 47,657 people across 10 provinces, reveals a sharp divide
between city and countryside.'® Rural patients more often carry chronic infectious disease after-effects (27.4% vs 12.8%
in cities), while city patients more often have metabolic syndrome (31.2% vs 18.5% in rural areas).'® This urban-rural
dual track reflects differences in healthcare access, environmental exposures, and lifestyle patterns.

Geographic and ethnic variations add further complexity. Northern Chinese patients have more osteoporosis (22.1%
vs 9.8% in the south), likely due to less sunlight exposure, lower vitamin D levels, and dietary differences.'*>* In Tibet,
high-altitude heart disease affects 31.5% of COPD patients and independently speeds up right heart dysfunction (HR =
2.14)."* A particularly important pattern is the “infection-obstructive lung disease syndrome™: old tuberculosis damage
affects 15.3% of patients at Peking Union Medical College Hospital’> and causes faster lung function decline (58 mL/
year vs 36 mL/year FEV1 loss) with 1.9-fold higher exacerbation hospitalization risk.’® This pattern has major
implications for early screening and prevention in China, where tuberculosis history is common.

Key takeaway: Chinese COPD care must account for an urban-rural divide (infectious vs metabolic predominance),
north-south geographic gradients, and high-burden tuberculosis after-effects that are far less common in Western
populations.

Localized Evidence and Multi-Dimensional Model Construction of Acute Exacerbation Risk Factors

Risk factors in Chinese populations: evolving understanding. A large multi-hospital study in China, covering 8769 acute
exacerbation hospitalizations across 12 hospitals, confirms that age over 70 (OR = 1.92) and three or more exacerbations
per year (OR = 3.45) are independent risk factors.'*” This finding extends earlier work by Kim et al,'® which examined
frequent severe exacerbations (defined as two or more severe events within one year) in a smaller single-center setting
and found no significant link between cardiovascular comorbidities as a group and frequent severe events. The
discrepancy likely reflects Kim et al’s limited sample size and lack of granular comorbidity classification. In contrast,
the Chinese multi-center data (n=8769) with more detailed disease categorization clearly show that heart failure (OR =
2.31), diabetes (hospitalization rate increased 1.8-fold), and depression or anxiety (risk increased 1.5-2.1-fold) are each
independent drivers of acute exacerbation.

Importantly, the role of age itself changes in very elderly patients. In this group, chronological age becomes less
predictive, while the interaction between frailty and comorbidity burden becomes the dominant risk factor.’” This shift
suggests that risk assessment should move beyond simply asking “how old is the patient?” toward evaluating overall
physical function, mobility, nutrition, and disease combinations—a multi-dimensional functional status approach rather
than a single-dimensional age cutoff.

Specific comorbidity mechanisms reveal actionable intervention points. Low blood protein levels (hypoalbuminemia)
increase in-hospital death risk by 2.6-fold.””® Recent research explains why: during acute inflammation, the body
consumes albumin as a protective response, while simultaneously suffering increased oxidative cell damage and reduced
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effectiveness of steroid medications.”® A history of stroke raises the need for mechanical ventilation by 1.9-fold.>>¢°

Cluster analysis of nerve-breathing patterns shows that within the first 48 hours after an ischemic stroke, over half of
patients (51.7%) develop weakness of the diaphragm muscle on the side opposite the brain injury.®' This finding points to
an urgent need for early breathing muscle rehabilitation after stroke. Kidney disease also complicates care: reduced
kidney function (eéGFR <60 mL/min/1.73m?) correlates with lower steroid dosing (r = —0.33) and carries a 2—3-fold

higher infection risk after steroid treatment,'>37:2

pushing clinicians toward individualized, reduced-dose steroid
protocols to avoid dangerous side effects.

Key takeaway: Chinese risk stratification is shifting from simple age-based models to multidimensional assessments
of frailty and comorbidity interactions. Specific comorbidities offer precise targets for prevention: correcting low blood

protein, starting breathing exercises early after stroke, and tailoring steroid doses for patients with kidney disease.

Research Gaps and Frontier Breakthrough Directions
Where Chinese research needs to go next. Despite major cohorts like CKB and CPH, six critical gaps remain:

Data infrastructure. Real-time electronic health record monitoring of comorbidity burden is lacking, and fewer than
5% of primary hospitals use the Charlson comorbidity score. Natural language processing technology—using computers
to extract comorbidity information automatically from medical records—offers a promising solution.'' "3

Methodological depth. Most studies still use simple regression models rather than exploring complex networks of
how diseases interact with each other and with COPD features. Bayesian network approaches have begun revealing
causal chains, such as “depression — poor treatment adherence — exacerbation — delirium”, opening new multi-target
intervention possibilities.****

Long-term follow-up. Only two Chinese studies track patients for more than three years with comorbidity scoring.'?
A new National Respiratory Medical Center cohort, planned for 20,000 patients over 10 years, will fill this gap.®>*°

Artificial intelligence localization. Chinese teams have built machine learning models (XGBoost, AUC 0.87) to
predict comorbidity patterns, but these need testing on larger national cohorts.®” Future models should incorporate
Chinese-specific genetic variants (such as CHRNA3/5) and environmental exposures (air pollution PM2.5, biofuel use) to
move from statistical prediction to biologically explainable forecasting.®®

Two-way management implementation. The National Respiratory Medical Center proposed coordinating COPD and
comorbidity care in 2021, but practical pathways remain underdeveloped.””’! Primary doctors face three barriers:
fragmented single-disease guidelines requiring them to “jump between” multiple recommendations; drug interaction
risks (for example, some COPD inhalers may worsen heart failure; long-term steroid inhalers may worsen bone
thinning);'* and inadequate assessment tools—lung function alone cannot capture overall disease burden, requiring
combined evaluation of symptom scores (CAT), breathlessness scales (MRC), body mass index, and exacerbation
history.”?

Policy-economics alignment. COPD patients with heart failure face average annual hospital costs of ¥32,000 versus
¥11,000 for those without comorbidities.”* China’s DRG payment pilot for COPD comorbidities began only in 2023,"
leaving a lag between economic reality and payment policy.

Key takeaway: Closing these gaps requires modernizing data systems, adopting advanced analytics, validating Al
tools on Chinese populations, building practical care coordination pathways, and aligning payment policies with true

disease burden.

The Association Mechanism Between Comorbidity and Acute Exacerbation Risk in
COPD Patients

Acute exacerbation of COPD is a key event leading to deterioration, hospitalization and death. A large amount of
evidence shows that multiple comorbidities are independent risk factors for inducing or aggravating acute exacerbations,
and the association mechanism has been deepened from epidemiological association to molecular network and system
biology.
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2.1 Consistent global evidence: more diseases, more flare-ups. Studies from the Netherlands, Italy, and international
databases uniformly confirm that having more comorbidities means more frequent COPD exacerbations. Dutch primary
care data show that 88% of COPD patients have at least one other disease, with heart failure, lung cancer, depression, and
asthma most strongly linked to frequent flare-ups (two or more per year).”* Italian hospital data demonstrate a clear dose-
response: as the number of comorbidities rises from one to four, average annual exacerbations increase from about 1.5 to
2.3.7° These patterns hold across healthcare systems, with prior exacerbation history, breathlessness severity, anxiety, and
heart failure consistently emerging as core predictors.”®”’

Key takeaway: The relationship between comorbidity burden and exacerbation frequency is robust, consistent across
countries, and graded. This supports making comorbidity assessment a standard part of exacerbation prevention

everywhere.

Potential Association Mechanisms: From Organ Interactions to Molecular Networks

(1) Body-wide inflammation: the common thread. COPD involves chronic low-grade inflammation throughout the body.
During acute exacerbation, inflammatory markers such as IL-6 surge dramatically.”® This inflammation spreads via the
bloodstream, worsening atherosclerosis (hardening of arteries) and increasing heart attack and stroke risk 2.27-fold
within one to five days after a flare-up.”’ The same inflammatory state also drives metabolic syndrome, bone thinning,
and other comorbidities.’

Key takeaway: Body-wide inflammation acts as a central hub connecting COPD to multiple organ diseases and
explaining why exacerbations trigger heart and vascular events.

(2) Organ crosstalk: direct physical effects. Comorbidities worsen COPD through direct organ interactions. Heart
failure causes fluid accumulation in the lungs, directly triggering or worsening breathing problems.”*”® Acid reflux from
the stomach can micro-aspirate into airways, causing inflammation and airway constriction.”* Anxiety and depression
reduce treatment adherence and alter how patients perceive breathlessness, sometimes leading to delayed care.”®%°

Key takeaway: Organs do not function in isolation; heart, lung, gut, and brain interact directly, creating bidirectional
pathways that require integrated management.

(3) The treatment paradox: helping one problem may worsen another. Treating multiple diseases simultaneously
creates difficult trade-offs. Beta-blockers, essential for heart failure and high blood pressure, are often underused in
COPD due to fears of airway constriction. Repeated steroid use for exacerbations worsens diabetes and bone thinning.*
These interactions mean that optimal care for one condition may inadvertently harm another.

Key takeaway: Medication choices in COPD comorbidity require careful balancing of benefits and risks across all of
a patient’s conditions, not just the lungs.

(4) The shared molecular mechanism from the perspective of systems biology:

Molecular convergence: shared genes, shared inflammation, shared cell damage. Genome studies reveal that COPD
and its major comorbidities share genetic risk factors: CHRNA3/5 variants affect smoking behavior, lung cell growth,
and cancer risk;®' " FAMI13A variants influence both lung structure and fat distribution;***> and HHIP variants link
airway development to bone health.®**’

Inflammatory signals actively travel between organs: IL-6 triggers liver CRP production (15-20 fold increase) and
artery inflammation;*® TNF-a causes insulin resistance in muscle and fat while promoting bone breakdown;**° and IL-
1B from lung cells reprograms bone marrow stem cells toward inflammatory states, creating lasting “immune memory”.”"

Epigenetic changes—stable modifications to gene activity without DNA sequence alteration—allow inflammation to
leave lasting marks. For example, IL-6 gene demethylation in blood cells keeps inflammation active even after smoking
stops,”” while heart cell gene methylation changes may contribute to heart failure development.”

Protein and metabolite markers now enable precise prediction: CCL15 and GFAP predict cardiovascular risk;”* leptin
and adiponectin signal metabolic problems;”> and TMAO, a gut bacteria metabolite, links to both exacerbation risk and
heart rhythm disorders.”®

Key takeaway: COPD and comorbidities share genetic foundations, inflammatory signaling, epigenetic traces, and
molecular fingerprints—offering multiple points for targeted intervention.
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5) Brain-lung connection: how COPD affects the mind. COPD-related cognitive impairment represents a distinct
comorbidity pathway that connects lung disease to brain function decline through multiple mechanisms.>* Chronic low
oxygen and high carbon dioxide levels damage brain regions critical for memory, attention, and decision-making. COPD
patients with sustained hypoxemia score significantly lower on standard cognitive tests compared to those with normal
oxygen levels.”” Body-wide inflammation becomes brain inflammation: IL-6 and TNF-a cross the blood-brain barrier,
activate immune cells in the brain (microglia), and promote neuronal cell death in memory and thinking centers.™ The
same IL-6 signaling pathway that drives heart disease also harms brain cells. Blood vessel damage in the brain: COPD-
associated artery hardening and endothelial dysfunction reduce blood flow to the brain, particularly affecting white matter
connections. This “small vessel disease” pattern explains why many COPD patients develop executive dysfunction and
slowed thinking rather than pure memory loss.”® Treatment complexity compounds the problem: cognitive impairment
severely reduces patients’ ability to manage complex inhaler schedules, recognize early warning signs of flare-ups, and
stick with rehabilitation programs.”® Nearly half of COPD patients stop using their inhalers within the first year, and
cognitive impairment is a major independent driver of this non-adherence.'®

Key takeaway: COPD and its comorbidities connect through five interlocking mechanisms: body-wide inflammation
acts as a central hub; direct organ crosstalk creates bidirectional harm; treatment trade-offs force difficult choices; shared
genetic and molecular foundations enable precise prediction; and the brain-lung axis represents an underrecognized
pathway where lung disease directly impairs cognition, which in turn worsens self-management and exacerbation risk.
Effective prevention must address all five levels simultaneously.

Therefore, it is particularly important to understand the mechanism of systemic inflammation-comorbidity-acute
exacerbation of COPD (Figure 1).

Effects of Comorbidity Burden on Hospitalization Expenses and Medical Resource

Utilization
COPD and its comorbidities have brought a heavy economic burden to the medical system, and the burden of
comorbidities is one of the most important factors driving the growth of medical expenses.

The economic burden: stacking up costs. Comorbidities increase COPD costs in a graded, multiplicative fashion.
When patients have more than six additional diseases, hospital costs rise most steeply.'®"'°* Turkish multicenter data
show that comorbid patients face 4.3-fold higher direct medical costs during acute exacerbations compared to those with
COPD alone.'*

Heart and blood vessel diseases dominate as the most common and expensive category,®'** but anemia (low blood
count) exerts the largest single-disease cost impact, adding approximately $10,762 annually.®'®® Other major cost drivers
include kidney disease, diabetes, pneumonia, and intensive care needs.'®

Brain function decline: a hidden but costly comorbidity. Cognitive impairment and dementia represent a particularly
insidious driver of economic burden in COPD. Patients with both COPD and dementia face significantly longer hospital
stays and higher hospital bills compared to those without cognitive problems.'®® The financial impact extends far beyond
direct medical costs to three major indirect burdens: Caregiver costs—family members often cut work hours or quit jobs
to provide care, with informal caregiving expenses frequently exceeding formal healthcare spending in dementia care;
Lost work productivity—cognitive decline in working-age COPD patients (particularly those under 65) drives early

106 and

retirement and disability, with indirect costs accounting for 61-83% of total COPD costs in European studies;
Medication non-adherence costs—poor adherence to inhaled therapies due to cognitive impairment triggers more
frequent exacerbations and hospitalizations, creating a self-reinforcing cycle: non-adherence leads to flare-up, which
leads to hospitalization, which further worsens brain function.’”'®® Medicare data confirm that dementia in COPD
patients strongly predicts discharge to nursing facilities rather than home, and increases return hospitalization rates,
further amplifying resource use.'"’

The financial impact extends beyond single hospital stays: comorbidities increase how often patients flare up, how

often they return to hospital, and how likely they need intensive care or breathing machines.>'*®
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Key takeaway: Comorbidity costs are not simply additive—they multiply through repeated admissions, intensive care
needs, and hidden indirect burdens. Cognitive impairment deserves particular attention as it generates unique economic
penalties through caregiver burden, lost productivity, and medication non-adherence cycles that standard cost analyses
often miss.

The relevant studies on the risk, mortality and cost of acute exacerbation of different comorbidities in the database
found that all kinds of comorbidities will affect the risk, mortality and cost of acute exacerbation of COPD patients, and
all comorbidities interact through the three major pathways of systemic inflammation, oxidative stress and chronic
hypoxia (Table 3). Therefore, treatment needs to be targeted at its common pathway intervention.

COPD Comorbidity Pattern Recognition Method: The Evolution from Statistical

Clustering to Causal Artificial Intelligence

Identifying specific co-morbidity patterns (clusters) in COPD patients, rather than treating a single disease in isolation,
helps to understand the common pathophysiological basis of the disease and guide individualized management. The
current technology has moved from the traditional cross-sectional clustering to the era of integration of dynamic
prediction and causal inference.

Advanced Clustering Analysis Methods: From Statistical Driven to Deep Representation Learning

Finding disease patterns: from simple grouping to machine learning. Traditional statistical methods (hierarchical and K-
means clustering) identify reproducible patient groups: heart-metabolic, infection-inflammation, and psychological-frailty
clusters, each with distinct inflammatory marker profiles and outcomes independent of lung function severity.*'"
Notably, the 2016 Kim et al study'® did not employ clustering analysis, instead using the Charlson comorbidity index
as a single compound variable—a methodological limitation that subsequent studies have addressed. The Charlson
index’s inability to capture individual comorbidity contributions and its exclusion of asthma (a key finding in Kim et al’s
work) motivated the development of COPD-specific indices such as COTE and, more recently, dynamic comorbidity
indices (DCI) that account for time-evolving interactions. Deep learning methods (Deep Embedded Clustering) overcome
the challenge of analyzing dozens of diseases simultaneously, improving pattern detection by 23% and revealing hidden
“carly aging” clusters (depression + osteoporosis + muscle loss) that respond poorly to steroids.''® Graph Neural
Networks capture disease networks over time, identifying indirect pathways such as acid reflux — nighttime micro-
aspiration — airway inflammation — exacerbation, improving prediction accuracy.''’ "’

Key takeaway: Pattern recognition has evolved from simple disease counting to sophisticated machine learning that

reveals hidden connections and weak signals.

Comparison of Artificial Intelligence Prediction Models

Advantages and disadvantages of XGBoost, random forest and deep learning: different algorithms have significant
differences in the prediction of COPD comorbidity (Table 4), and the optimal model should be selected according to data
characteristics, interpretable requirements and clinical scenarios.

Thus, choosing the right prediction tool. Different computer algorithms suit different situations. XGBoost, a gradient-
boosting method, works best for structured data with moderate sample sizes (<10,000), achieving 87% prediction
accuracy (AUC 0.87) with fast training and clear interpretability.'?> Deep learning excels with very large, complex
multimodal data (>50,000 patients, combining CT scans, protein data, and genetic information).'*® Chinese regulatory
guidelines (NMPA 2024) require clinical interpretability, making XGBoost with SHAP explanation tools the safest
choice for medical devices.'?’

Key takeaway: No single algorithm is universally best; the choice depends on data size, complexity, and regulatory
requirements for explainability.

Causal Network and Mendelian Randomization (MR): From “Correlated Clustering” to “Causal Inference”

From association to causation: does comorbidity cause worse COPD, or merely accompany it? Traditional studies show
that diseases cluster together, but cannot prove which causes which. Mendelian Randomization uses genetic variations as
“natural experiments” to infer causality: lung function-related genes confirm that worse COPD causes osteoporosis (10%
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Table 3 Comparison Table of Quantitative Effects of Different Comorbidities on Acute Exacerbation Risk, Mortality and Cost

Comorbidity Type/Risk Factors

Acute Exacerbation
Risk

Mortality Impact (HR/
OR)

Medical Expenses/Hospitalization Burden

Data Source

Cardiovascular disease (overall)

HR 1.84 (1.79-1.90)

Prolonged hospital stay

Crowd queue (n=213,466)'*®

Heart failure

HR 2.33 (2.24-2.42)

Increased costs

Cardiovascular events after acute exacerbation'®®

Pulmonary hypertension

HR 3.15 (2.81-3.52)

Significant increase in costs

Cardiovascular events after acute exacerbation'®®

OR 2.10 (1.41-3.13)

A significant positive correlation between hospitalization days and

costs.

Severe acute exacerbation (requiring HR 3.18 (3.06-3.29) - Accounts for 50-70% of the total cost Cardiovascular event risk (vs No aggravation)'%®

hospitalization)

Previous pulmonary tuberculosis OR 1.43 (1.10-1.86) - - Risk of bacterial infection'®”

Bronchiectasis OR 1.44 (1.02-2.02) - - Risk of bacterial infection'®”

Diabetes OR 1.32 (1.00-1.73) - Longest length of hospital stay (Combination with CVD) Bacterial infection risk and hospitalization
burden'®®

The number of comorbidities 2 3 109

Risk of bacterial infection (vs No comorbidity)

Anxiety

OR 5.94 (2.18-16.16)

Independent risk of acute exacerbation within
| year’®

Angina pectoris

OR 10.16 (1.33-77.58)

Independent risk of acute exacerbation within

| year’®
Hypertension OR 3.14 - - Independent risk of acute exacerbation within
(1.63-6.05) I year’
Previous hospitalization history OR 1.69 - - Predictors of frequent acute exacerbation''®
Moderate to severe dyspnea OR 2.86-5.83 - - Predictors of frequent acute exacerbation''®

COPD (vs Non-COPD control)

HR 1.57 (1.55-1.59)

Total cost increased

All-cause mortality (after controlling
comorbidity)'""!

23 acute exacerbations/year

HR 4.13 (1.80-9.41)

HR 4.13 (1.80-9.41)

Cost accounted for the highest proportion

5-
Year mortality and cost burden''?

Hypercapnia

HR 1.07 (1.02-1.12)

5-year mortality (PaCO, per 1 ImmHg)I 12

Old age

HR 5.28 (1.75-15.93)

5-year mortality''?

For every | point increase in the COTE index

HR I.13

COPD-related mortality risk'®®

ROMEcom Severe (vs mild)

HR 1.34 (1.06-1.70)

|-year mortality rate (integrated comorbidity

score)'"?
Congestive heart failure OR 1.70 (1.05-2.76) - - Bacterial-viral mixed infection (poor prognosis)'”
Cardiovascular disease + diabetes - - The highest value of hospitalization days Multiple comorbidity combination'®!
AECOPD combined with respiratory failure - 33.1% Accounts for 50-70% of the total cost China Studies'"*
Notes: The effect size > | indicates an increase in risk, and < | indicates a protective effect. The “~” in the table indicates that the dimension data is not clearly reported in the search literature. The “1” indicates increased. This table

expands upon the 2016 Kim et al study,"I30" which reported asthma (OR = 4.02) and home oxygen therapy (OR = 9.39) as risk factors for frequent severe exacerbations within | year, by incorporating updated evidence on

cardiovascular; metabolic, mental health, and oncological comorbidities across the full exacerbation spectrum, with longer follow-up periods and larger sample sizes.

Abbreviations: HR, Hazard Ratio; OR, Odds Ratio.
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Table 4 Performance Comparison of Mainstream Al Models in the Prediction of COPD Comorbidity

Solid theoretical foundation

Feature scaling sensitive

®  Small sample high-dimensional data

Model Type Representative Performance Index Advantages Limitations Applicable Scenarios Typical AUROC Range
Algorithm
Gradient lifting tree XGBoost AUROC 0.747-0.968 o Extremely fast training speed (seconds) o High-dimensional sparse data performance in general Priority recommendation: Structured data with sample 0.87-0.94'%°
Accuracy 70.63-89.9% o Strong ability to process table data ®  Unable to capture complex nonlinear interactions size < 10,000
Fl 0.63-0.79 ®  Built-in regularization prevents overfitting ® Feature engineering is required for image/text data o Comorbidity risk stratification
®  Support automatic processing of missing values ®  Acute exacerbation prediction
® The importance of features can be explained o Mortality prediction
Gradient lifting LightGBM AUROC 0.934 ®  Tiaining faster than XGBoost ®  Small sample is easy to over-fit ®  |arge-scale structured data 0.86-0.94'2'
variant Accuracy 89.9% ® ower memory usage o Hyperparameter tuning sensitivity ®  Real-time prediction system
®  Efficiently handle large-scale data ®  Resource-constrained environment
Ensemble learning Random Forest AUROC 0.722-0.943 o Strong anti-overfitting ability ®  Black box model has poor interpretability ®  Multi-modal feature fusion 0.72-0.94'2
Accuracy 94.67% (Specific tasks) ®  Handling high-dimensional data stability ®  The prediction speed is slow when there are a large | ® Data sets with more missing values
o High efficiency of parallel training number of trees ®  Need stability first scenario
®  Noise data performance decreased
Traditional Logistic Regression AUROC 0.740-0.863 o Very high interpretability ®  Unable to capture nonlinear relationships ®  Baseline model construction 0.74-0.86'2
statistics (Some scenes are better than ML) ®  Fastest training speed ®  Feature interaction needs to be manually constructed ®  Need for a clear clinical explanation
® smal sample performance is stable ® poor performance of high-dimensional data o Sample size < 1000
®  The coefficient directly reflects the OR value.
Deep learning DNN/MLP AUROC 0.902Accuracy >93% (6 o Capture complex nonlinear modes o Requires a lot of data (> 50,000) Large data volume scenario: 0.84-0.96 (Big data) 0.60-0.75 (Small
indicators) ®  Automatic feature learning ®  High training costs (hours) ® T image + EHR multimodality data)'?*
®  Multi-modal data fusion ability is strong ®  Black box is not explainable ®  Genomics + proteomics
®  Small samples are prone to serious over-fitting ®  Time series physiological signal analysis
Transformer BEHRT/BERT AUROC 0.96 (Multimodality) FI ®  Scif-attention mechanism captures long-range o Large-scale pre-training data is required L Longitudinal electronic medical record analysis 0.90-0.96'**
091 dependence ®  High demand for computing resources ®  joint prediction of multiple diseases
o Pre-training + fine-tuning paradigm ®  Medical field transfer learning challenges ®  Natural language medical record mining
®  Excellent processing timing EHR data
Support vector SVM (RBF/Linear) AUROC 0.846-0.890 ®  High-dimensional space classification is effective ®  |arge-scale data training is slow ®  Gene expression data 0.84-0.89'%'
machine Accuracy 81.1% ®  Kernel trick to deal with nonlinearity ®  Kernel function selection is difficult ®  proteomics
° °

Note: The performance index range is based on the prediction of COPD and related respiratory diseases.
Abbreviation: AUROC, area under the receiver operating characteristic curve.
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function loss — 23% risk increase);'*® albumin gene variants prove low blood protein directly causes exacerbations (not
just marks malnutrition);'?* and nicotine receptor genes show smoking causes lung cancer and heart disease through
pathways independent of lung damage.'*°

Bidirectional testing clarifies direction: COPD causes heart failure (supported), but heart failure does not appear to
cause COPD (not supported).'?® Causal discovery algorithms from electronic health records automatically map disease
chains, such as “depression — poor adherence — exacerbation — delirium”, suggesting that treating depression early
could prevent downstream complications.®”'?!
Key takeaway: New causal methods are moving beyond “what goes with what” to “what causes what”, enabling more

targeted prevention and drug repurposing.

Predicting Outcomes

From fixed scores to living models. Traditional indices like Charlson (general disease burden) and COTE (COPD-
specific) provide useful snapshots but do not evolve with patients. Their combined use (BODE + COTE) predicts death
with 80% accuracy.''” However, they miss important interactions: having both heart failure and diabetes is worse than
simply adding their individual risks (HR = 3.2 vs expected 2.5).*

The Dynamic Comorbidity Index (DCI) uses artificial intelligence on longitudinal electronic records, updating every
three months as conditions change. It predicts one-year death risk with 91% accuracy, outperforming static scores
(78%)."** DCI automatically adjusts for new diagnoses, age-specific risks (heart failure counts more in patients over 75),
and causal chains (depression — adherence problems). Multi-omics integration (genetic risk + blood proteins + CT scan
features) further improves five-year death prediction from 82% to 89% accuracy,'** though cost limits widespread use.

Comparing the characteristics of Charlson index, COTE index and BODE index in the prognosis evaluation of COPD
patients (Table 5), the following conclusions and reflections are drawn:

Practical selection: Primary clinics can use Charlson plus symptom questionnaires; tertiary hospitals can use multi-
modal BODE-C indices; research studies should use dynamic or machine-learning indices.'?” Payment systems are
beginning to use comorbidity scores to adjust hospital payments, with future versions likely incorporating dynamic

indices.'*®

Table 5 Comparison of Charlson Index, COTE Index and BODE Index in the Prossgnosis Evaluation of COPD Patients

Dimensions

Charlson Index

COTE Index

BODE Index

BODE+COTE

Core composition

19 common comorbidities

12 COPD-specific
comorbidities

BMI + pulmonary
function + dyspnea +

BODE full term + COTE comorbidity

6MWT
COPD specificity General Exclusive Exclusive The most comprehensive
Predicted mortality AUC 0.63-0.70 0.68-0.72 071-0.77 081"

Main blind spot

Ignore lung function

Ignore the dynamic
changes of lung function

Ignore the burden of
comorbidity

Complementary coverage

Calculation difficulty

* (Manual)

* K

* % * (Need 6MWT)

Kok KK

Best applicable scenario

Primary hospital/medical insurance DRG
grouping (CCI 2 3 is a high comorbidity
group)'*

Identifying the risk of
COPD-related
comorbidity death

Short-term mortality
prediction/disease
stratification

3A hospital precision medicine/GOLD
2024 recommended

Development trend

Static — integrated NLP automatic
extraction

Static — COTE-ML
machine learning

Static — dynamic
BODE

The current “golden combination”, the
future to DCI/LSTM time series model

evolution'3®

Notes: |. AUC (area under the receiver operating characteristic curve): the numerical range is 0.5-1.0, > 0.70 is acceptable, > 0.80 is excellent; 2. Calculation difficulty
classification: * = simple (manual lookup table can be completed); * * = represents moderate (need to identify specific comorbidities); * * = it is more complex (requires
a pulmonary function meter and a 6-minute walk test site); * * * * = representation is complex (need to integrate multi-dimensional data). The “—” indicates associated
with/leading to.

Abbreviations: 6MWT, 6-Minute Walk Test; DRG 2.0, The National Medical Security Bureau paid for the version 2.0 pilot program according to the disease diagnosis
related group; DCI, Disease Complexity Index; LSTM, Long Short-Term Memory Network.
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Key takeaway: Prognostic tools are evolving from static paper-based scores to dynamic, Al-driven, multi-biological-
layer models that adapt to individual patient trajectories.

Effect of Comorbidity on Quality of Life in Patients with COPD
Health-related quality of life (HRQoL) is a core indicator for evaluating the overall health status of patients with COPD,
and the negative impact of comorbidity on HRQoL often exceeds the decline in lung function itself.

Comorbidities, not lung function, determine daily quality of life. Reviews from the United States, England, and
Switzerland agree: having additional diseases is the dominant factor reducing quality of life in COPD, even when lung
function is only mildly impaired.'’

Mental health conditions (depression and anxiety) cause the most severe quality-of-life damage. They intensify the
feeling of breathlessness, reduce social participation, lower treatment adherence, and increase exacerbation
risk.78%:13%:149 Heart and blood vessel diseases (angina, heart failure) directly limit physical activity and compound

breathing difficulties.®**'*' Bone and joint problems (arthritis, osteoporosis) restrict movement and independence.®'**

Alcohol abuse also shows significant negative effects.'*’

Brain function decline: a disabling but overlooked burden. Cognitive impairment is among the most debilitating
comorbidities affecting daily life in COPD patients. It erodes personal independence, worsens anxiety and depression,
and severely limits social participation.’> The combination of breathlessness and cognitive problems creates a “double
disability”—patients struggle to describe their symptoms accurately, understand treatment instructions, or follow self-
care routines.”® Those with mild cognitive impairment have particular difficulty grasping complex medication schedules
and weighing the risks and benefits of treatment options, reducing their ability to share in medical decisions.”® This
cognitive burden also fuels higher anxiety and depression levels, which in turn link to poorer quality of life, reduced
rehabilitation participation, and worsening self-management.”

Breathlessness as the critical mediator: Multiple comorbidities converge on worsening breathlessness through
different pathways—heart disease through fluid overload, anemia through reduced oxygen delivery, obesity through
mechanical restriction—making breathlessness the direct driver of quality-of-life decline.'*’

Key takeaway: Improving daily life for COPD patients requires addressing comorbidities across four interconnected
domains: mental health (the largest single impact), cardiovascular disease (physical limitation), musculoskeletal condi-
tions (mobility), and cognitive function (self-management capacity). Cognitive impairment deserves particular attention
as it creates a “double disability” with breathlessness and silently undermines treatment engagement and shared decision-

making.

Effect of Comorbidity on Long-Term Prognosis of COPD Patients

Comorbidities dictate long-term survival. Danish national data show that COPD patients face 43% five-year all-cause
mortality versus 17.7% in the general population—a gap driven primarily by comorbidities rather than lung disease
progression alone.’

Smoking-related cancers (especially lung cancer) cause the largest excess death risk compared to the general
population.” Heart failure, coronary artery disease, diabetes, and high blood pressure in the lungs (pulmonary hyperten-
sion) are also established predictors of poor outcomes.'%*!43:144

Brain function decline: an emerging prognostic threat. Cognitive impairment and dementia are increasingly recog-
nized as critical factors shaping long-term outcomes in COPD. Meta-analysis confirms that COPD patients carry a 24%
higher risk of dementia and 30% higher risk of cognitive impairment compared to people without COPD.’® Mild
cognitive impairment is itself a known mortality risk factor in COPD, and dementia presence significantly worsens
survival trajectories.”” This prognostic damage operates through four interconnected pathways: reduced treatment
adherence leading to more frequent and severe flare-ups; impaired early warning recognition—patients cannot notice
or report symptom worsening in time; delirium risk—acute exacerbations trigger confusion and disorientation in
cognitively vulnerable patients; and institutionalization—patients with both COPD and dementia more often require

nursing home placement, with associated infection risks and loss of functional independence.g9
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Beyond death risk, comorbidities increase rehospitalization rates®'**

and may themselves be worsened by COPD
(high blood pressure, heart failure, stomach ulcers), creating self-reinforcing cycles.'*> Depression shows sustained
negative effects over three-year follow-up.'*®

Key takeaway: Most long-term harm in COPD comes from comorbidities, particularly cancer and cardiovascular
disease. However, cognitive impairment represents an underrecognized prognostic factor that amplifies mortality risk
through treatment non-adherence, missed warning signs, delirium during exacerbations, and institutionalization.

Protecting long-term survival requires safeguarding not just the heart and lungs, but also the brain.

Discussion

This narrative synthesis reveals that COPD comorbidity is not a random occurrence but an integral part of the disease
itself. The condensed evidence above demonstrates that comorbidities connect to COPD through multiple pathways—
shared inflammation, genetic susceptibility, direct organ interactions, and treatment complications—to worsen acute
exacerbations, increase costs, reduce quality of life, and shorten survival. Regional patterns differ: heart-metabolic
dominance in Europe and the United States, infection-malnutrition in rural Asia, and unique urban-rural and geographic
gradients within China. While international evidence robustly supports these relationships,'>'77*43 Early evidence,
such as Kim et al (2016),'° established that comorbidity contributes to frequent severe acute exacerbations in tertiary care
settings, identifying asthma as a particularly significant factor. However, this study was limited by its narrow focus on
severe exacerbations, single-center retrospective design, and lack of long-term follow-up. The current review substan-
tially expands upon this foundation by integrating evidence from 2016 to 2026, encompassing the full spectrum of
exacerbation severity, incorporating large-scale cohort studies, Al-driven predictive models, and multi-omics approaches,
and providing localized Chinese evidence that was previously unavailable. Chinese research remains comparatively
limited in large-sample cohorts, standardized assessment tools, and long-term follow-up.'***%!47 The urgent need for
practical comorbidity management in Chinese primary care demands locally generated evidence.'?->*3%-37-58:60:147

For general practitioners, in the front line of chronic disease management, they should establish a “patient-centered”
holistic view, and actively screen and manage common comorbidities of COPD patients (especially cardiovascular and
metabolic diseases and mental health disorders).'*® Fully understand the transformation of co-morbidity mechanisms
such as inflammatory pathways, and fully transform them into effective cross-disease treatment strategies, combined with
the MDT intervention model of comprehensive management of COPD co-morbidity, so as to truly improve the health
outcomes of this vulnerable population and reduce the burden of social diseases.

Discussion 1: Fine implementation of management strategy: from the concept of “two-way management” to the
implementation of clinical pathway.

The specific implementation process of COPD-comorbidity two-way management strategy.

In the management of chronic obstructive pulmonary disease (COPD), “two-way management” is not only a tool to
identify cardiovascular disease (CVD) or metabolic diseases (such as diabetes), but also a dynamic multidisciplinary
collaboration (MDT) strategy.'*® The “COPD-comorbidity two-way management” strategy proposed by National
Respiratory Medical Center in 2021 needs to be transformed into an operable MDT clinical pathway, rather than staying.

Cognitive function assessment in two-way management: Given that cognitive impairment affects up to 32% of COPD
patients and significantly impacts self-management capacity, medication adherence, and economic burden, routine
cognitive screening should be integrated into the COPD-comorbidity two-way management pathway. The recommended
screening tools include the Montreal Cognitive Assessment (MoCA) or Mini-Mental State Examination (MMSE), which
can be administered during routine COPD follow-up visits.”>'% For patients identified with MCI or dementia, manage-
ment strategies should include: (1) Simplification of medication regimens—using single-inhaler triple therapy instead of
multiple inhalers, and involving caregivers in medication administration; (2) Enhanced patient education—using visual
aids, simplified instructions, and repeated demonstrations to accommodate cognitive limitations; (3) Caregiver support
and training—recognizing that informal caregivers are essential for medication adherence and exacerbation recognition
in cognitively impaired COPD patients; (4) Interdisciplinary collaboration—involving neurology or geriatric medicine in
the MDT for patients with moderate-to-severe cognitive impairment.®”

Discussion 2: International consensus update: GOLD 2025/2026 and China‘s applicability analysis.
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(1) Key points of GOLD 2025 core update

For the first time, GOLD 2025 made “Comorbidity Assessment and Management” an independent chapter, and its
core recommendations include the following (Table 6).*'

(2) The core contradictions and solutions of China‘s applicability

Contradiction 1: The mismatch between the strength of guideline recommendation and the ability of grass-roots
implementation GOLD 2025’s 1A recommendation (mandatory screening) faces a triple gap of manpower, tools, and
incentives at the grassroots level. Core factors: Comorbidity management requires complex computing and psychological
assessment tools.

Solutions: M Technology Sinking: Develop the COPD comorbidity management cloud platform of the National
Respiratory Medical Center, and open Charlson automatic calculation, Patient Health Questionnaire-9 (PHQ-9) self-
assessment, Al guidance report functions to the grassroots free of charge. @ Performance appraisal: “COPD comorbidity
screening completion rate” was included in the national basic public health service project assessment, and was linked to
the allocation of funds (refer to hypertension and diabetes management).

Contradiction 2: Conflict between drug recommendation and medical insurance/collection policy

Carvedilol (GOLD s first choice) is unstable after collection in China, and the instructions do not indicate “COPD is
applicable”, so doctors face the legal risk of off-label drug use.'>

Suggestions: (O Drug administration department: start the COPD off-label drug use record system, and establish
a clinical pathway exemption list for GOLD strongly recommended drugs. @ Medical insurance negotiation: special
drugs for COPD comorbidity management (such as selective B1 blockers and atomized inhaled corticosteroid (ICS)/long-
acting beta-agonist (LABA)) were included in the “Special Drugs for Chronic Disease Outpatient” catalogue to reduce
the proportion of self-payment.

Contradiction 3: Psychological intervention recommendation and cultural adaptability

Cognitive behavioral therapy (CBT) is effective in Europe and the United States, but Chinese patients have low
acceptance of “psychotherapy” and lack of localization programs. It is suggested that: (O Cultural adaptation: CBT
should be integrated into the “emotional conditioning of traditional Chinese medicine” model, emphasizing “empathy”
and “family participation”, rather than individualism orientation. @ Digital therapy: The first COPD digital therapy
(DTx) product approved by National Medical Products Administration (NMPA) (such as “Shukang” APP) was used to
gamify and socialize the CBT module to improve patient compliance.

Contradiction 4: Cognitive impairment screening recommendation and implementation barriers

GOLD 2025 emphasizes comprehensive comorbidity assessment but does not specifically mandate cognitive screen-
ing, despite cognitive impairment being present in 25-32% of COPD patients.>? Core factors: Primary care settings lack
standardized cognitive screening protocols, and physicians may attribute cognitive symptoms to normal aging rather than
COPD-related comorbidity. Solutions: (O Integrate MoCA or MMSE screening into the national COPD follow-up
protocol, with results automatically feeding into the comorbidity management cloud platform. @) Develop culturally
adapted cognitive screening tools for Chinese elderly populations, considering education level and regional variations. 3
Train grassroots physicians to recognize “red flag” signs of cognitive decline in COPD patients (eg, repeated medication
errors, missed appointments, unexplained exacerbations) as indicators for referral.

Discussion 3: Future research directions and China’s strategic priorities

(1) Research priority ranking (based on the three-dimensional evaluation of “clinical needs + technical feasibility +
policy matching”):

Highest priority: A multi-center randomized controlled trial was conducted to verify the impact of the “two-way
management path” on the 30-day readmission rate (target: reduced by 25%), providing evidence for DRG payment
reform.

High priority: Establish a China COPD Comorbidity Consortium (C4), integrate CKB and CPH data, and develop
a multi-omics risk score (PRS + protein group + exposure group).

Priority: Develop a multi-hospital comorbidity prediction model under the framework of Federated Learning, and
realize model sharing under the premise of protecting data privacy.
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Table 6 Recommended Grading of GOLD 2025 Comorbidity Management and Chinese Applicability Assessment Table

Comorbidity Field

GOLD 2025
Recommendation
Level

Core Recommended
Content

China‘s Grass-
roots
Implementation

Core Contradiction

Quantitative Evidence
(CKB'*°/CPH'?!/ Grassroots)

(Annual) +
Pneumococcal Vaccine
(PCV21 Priority to
PPSV23) + COVID-19
Vaccine

uncovered medical insurance

® PCV2l price ~ 1000 yuan/dose, not included in medical
insurance.

® The 23-valent polysaccharide vaccine (PPSV23) has been
collected, but GOLD considers it to be inferior.

® Poor vaccination awareness

Capacity
Comprehensive management Gradel A Forced cardiovascular * Contradiction |: Compulsory screening vs Grassroots non- CKB cohort (500,000 people, 9-year follow-up):
of cardiovascular disease assessment after acute assessment tools the risk of cardiovascular death in patients with
exacerbation; ® Calculation of Charlson comorbidity index COPD 1 40%, but the awareness rate of CVD at
triple therapy (LABA + ® Echocardiography/NT-proBNP detection is required the grass-roots level < 10%.
LAMA + ICS) is prior to ® no equipment, no technical personnel at the grass-roots | CPH study: Only |1.7% of COPD patients received
double-branched dilators level standard treatment, and CVD comorbidity
to reduce the risk of management rate was = 0.
cardiovascular events.
Hypertension/heart failure Gradel A Carvedilol (0o/p blocker) L Contradiction 2: Guide preferred vs Gathering supply/Legal risk | CKB cohort: The prevalence of COPD with
drug management is the first choice; ® The post-harvest supply of carvedilol is unstable hypertension was 35.2%, but the use rate of f-
cardiac selective Bl ® The instructions did not mark “COPD applicable”. blockers was less than 15% (due to concerns about
blockers did not affect ® Doctors’ off-label drug use faces legal risks bronchospasm).
the efficacy of LABA. Chinese heart failure patients: 58.6% with
hypertension, COPD with heart failure prognosis is
worse.
Anxiety and depression Grade 1A Forced PHQ-9/GAD-7 * Contradiction 3: CBT Recommendation vs Poor Cultural CKB cohort: depressive symptoms increased the
psychological intervention screening; Adaptability risk of all-cause death in COPD patients by 32%
recommended cognitive ® Acceptance of psychotherapy in Chinese patients < 5% (HR 1.32), and the risk was higher in men.
behavioral therapy ® Stigma is strong, “mental illness” labelled Grassroots research: psychological screening rate
(CBT); ® No localized CBT scheme of COPD patients < |%, intervention rate = 0
lung Rehabilitation
Improves Mood
Annual lung cancer screening | Grade IB Compulsory low-dose * Contradiction | Extension: Compulsory imaging screening vs CPH study: Biofuel exposure accounts for more
CT (LDCT) screening for Grassroots non-CT equipment than 50% of the etiology of COPD in Chinese
50-80 years old, 20 ® Rural women exposed to biofuels do not meet the smoking | women, but the GOLD smoking standard excludes
packs of years of smoking standards but are at high risk it.
history. ® Primary LDCT accessibility < 5% COPD in Chinese women: Biofuel exposure is
® |ack of Al-assisted diagnostic tools predominant, smoking rate is low but lung cancer
risk still exists
Osteoporosis screening Grade IB DEXA mandatory * Contradiction | Extension: forced bone mineral density CPH cohort: COPD patients with low body weight
screening, T value < 2.5 detection vs no DEXA at the grassroots level (BMI < 21) accounted for 30%, fracture risk 1 but
to start anti- ® Grassroots DEXA configuration rate < % diagnosis rate < 2%.
osteoporosis treatment ® The FRAX tool (no bone mineral density) is not promoted | European and American data: The prevalence of
® Patients’ awareness is extremely low osteoporosis in COPD patients is 30—40%, and the
elderly population in rural China may be higher.
Vaccination Grade 1A Influenza Vaccine *A KK Contradiction 2 extension: PCV2| recommendation vs CPH cohort: influenza vaccination rate < 5%,

pneumonia vaccination rate < 1% in COPD patients
(Europe and the United States: influenza 40-60%,
pneumonia 30-50%)
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additions)

32°Cor<18°C)
warning;

keep indoor temperature
and humidity; sufficient
water; cardiovascular
risk pre-management

reality

® There is no heating in southern rural areas, and indoor
pollution is serious in winter.

® Biofuel heating exacerbates COPD

@ Air conditioning penetration rate is low

Pulmonary hypertension Grade 2C Echocardiography * Contradiction | Extremization: complex assessment vs no CKB/CPH: The prevalence of PH in patients with
assessment screening, BNP equipment at the grassroots level advanced COPD was 30-50%, and the primary
monitoring, right heart ® No echocardiography in township hospitals recognition rate was less than 5%.
catheterization diagnosis; ® BNP detection is not universal GOLD 2025: Added detailed PH management
oxygen therapy + ® Pulmonary vasodilators are not accessible at the grassroots | chapter, emphasizing right heart function
diuretic + pulmonary level assessment
vasodilator
Management of sleep- Grade 1A Polysomnography (PSG) * Contradiction | + 3 superposition: lack of equipment + poor The prevalence of COPD-OSA overlap syndrome
disordered breathing confirmed the diagnosis, compliance in China lacks large sample data, but CKB shows
continuous positive ® No sleep center at the grassroots level that the obesity rate of COPD patients in China is
airway pressure (CPAP) ® CPAP equipment is expensive low (different from that in Europe and the United
treatment. ® Chinese patients with CPAP compliance 70%) States), which may reduce the risk of OSA.
Identification of Grade 2B HRCT diagnosis, long- * % Contradiction | + 2 superposition: image loss + antibiotic CPH cohort: The proportion of COPD with
bronchiectasis term macrolide management difficulties bronchiectasis was 3-8%, and increased with age
antibiotics ® No HRCT at the grassroots level and smoking index. Severe COPD in Europe and
(azithromycin), mucus ® |nsufficient conditions for induced sputum culture the United States: 20-30% prevalence of
dissolving agent ® |ong-term antibiotic adverse reaction monitoring is difficult | bronchiectasis%
Type 2 diabetes/metabolic Grade IB Standard diabetes LR Contradiction 3 extension: metabolic phenotypic differences CKB cohort: BMI was negatively correlated with
management management; ® Low weight is more common in Chinese COPD patients | the incidence of COPD (unique findings), and the
metformin is preferred (especially in rural areas). prevalence of diabetes was 5.9% (lower than 15—
(potential lung protective ® Contrary to the phenotype of “obesity-metabolic syn- | 20% in Europe and the United States).
effect) drome” in Europe and America COPD in rural China: high proportion of protein-
® Malnutrition rather than obesity is the main problem energy malnutrition
Gastroesophageal reflux Grade 2C Identification of reflux Kok H Contradiction 2 extension: PPl abuse vs pneumonia risk The prevalence of GERD in COPD patients in
symptoms, empirical ® PPl has good grass-roots accessibility but is easy to abuse. China lacks accurate data, but PPl is widely used.
proton pump inhibitor ® GOLD warns that long-term PPl increases the risk of pneu- | Europe and the United States: The prevalence of
(PPI) therapy, lifestyle monia (COPD patients have a high risk of pneumonia). GERD in COPD patients is 30-50%.
intervention ® Poor compliance of lifestyle intervention
Climate change adaptation Grade 2B (New Extreme temperature (> ko KK K Contradiction 3 Extension: Recommended content vs Rural

CKB/CPH: The winter exacerbation peak of COPD
patients in China is significant, and biofuel exposure
is an independent risk factor.

Europe and the United States: emphasizing the use
of air conditioning, heat wave early warning system

Notes: This table is based on the latest recommendation of GOLD 2025, integrating CKB, CPH and China‘s primary medical reality. CKB cohort: a prospective study of chronic diseases in China, 500,000 people, 9-year follow-up,
revealing the unique phenotype of “low BMI-high CVD risk” in Chinese COPD patients. CPH study: China Lung Health Study, a national representative sample, revealed a severe situation with a awareness rate of 0.9% and a treatment
rate of |1.7%. The “1” indicates increased. Recommended grade description: Grade |A: Grade |A Recommendation, Level | Recommendation, Level A Evidence (Highly Recommended, High Quality Evidence); Grade IB: Grade IB
Recommendation, Grade | Recommendation, Grade B Evidence (strongly recommended, medium quality evidence); Grade 2B: Grade 2B Recommendation, Grade 2B Recommendation, Grade B evidence (weak recommendation,
medium quality evidence); Grade 2C: Grade 2C Recommendation, Grade 2C Recommendation, Grade C Evidence (Weak Recommendation, Low Quality Evidence). Rating description: * = | star, representing a very low or inability to
perform at the grassroots level; * * = 2 stars, representing low grass-roots implementation capacity; * * * = 3 stars, representing the medium execution ability at the grassroots level; * * * x =4 stars, representing a higher level of

execution ability at the grassroots level; * % % * % =5 stars, representing high execution ability at the grass-roots level.

Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CVD, Cardiovascular Disease; PH, Pulmonary Hypertension; OSA, Obstructive Sleep Apnea; GERD, Gastroesophageal Reflux Disease; HRCT, High-Resolution
Computed Tomography; LDCT, Low-Dose Computed Tomography; DEXA, Dual-Energy X-ray Absorptiometry; BNP, B-type Natriuretic Peptide/Brain Natriuretic Peptide; NT-proBNP, N-terminal pro-B-type Natriuretic Peptide; BMI,
Body Mass Index; CBT, Cognitive Behavioral Therapy; PCV21, 21-valent Pneumococcal Conjugate Vaccine; PPSV23, 23-valent Pneumococcal Polysaccharide Vaccine; PSG, Polysomnography; CPAP, Continuous Positive Airway Pressure;
PPI, Proton Pump Inhibitor; MI, Myocardial Infarction; DTx, Digital Therapeutics; LABA, Long-Acting Beta2-Agonist; LAMA, Long-Acting Muscarinic Antagonist; ICS, Inhaled Corticosteroid; SABA, Short-Acting Beta2-Agonist; ACEI,
Angiotensin-Converting Enzyme Inhibitor; Angiotensin Receptor Blocker; SGLT-2i, Sodium-Glucose Cotransporter-2 Inhibitor; CKB, China Kadoorie Biobank; CPH, China Pulmonary Health Study; GOLD, Global Initiative for Chronic
Obstructive Lung Disease; NLST, National Lung Screening Trial; FRAX, Fracture Risk Assessment Tool; PHQ-9, Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder-7; STOP-BANG, Snoring, Tired, Observed,

Pressure, BMI, Age, Neck, Gender; EHR, Electronic Health Record; NMPA, National Medical Products Administration; HIS, Hospital Information System; HR, Hazard Ratio; RCT, Randomized Controlled Trial.
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Exploratory research: To carry out MR studies to verify the causality of intervention targets (such as IL-6, TNF-a),
and to provide evidence for repurposing (new use of old drugs).

Methodological advancement beyond 2016 baseline: Kim et al (2016)'° used multiple logistic regression with
stepwise selection in a retrospective single-center design—a methodology that has since been superseded by more
robust approaches. Future research should prioritize: (1) Prospective multi-center designs replacing retrospective single-
center studies; (2) Machine learning and causal inference methods (Bayesian networks, Mendelian randomization)
replacing simple regression models; (3) Dynamic longitudinal monitoring replacing static 1-year follow-up; and (4)
Comprehensive comorbidity assessment (individual disease profiling + clustering analysis) replacing single compound
indices like Charlson.

(2) Key points of policy promotion

From 2025 to 2027: COPD comorbidity management rate will be included in the mid-term evaluation index of
“Healthy China 20307, with a target of covering more than 50% of tertiary hospitals and 30% of county medical
communities.

From 2028 to 2030, the National COPD Comorbidity Registry (NCCR) was established to dynamically monitor the
quality and cost of management and guide the optimization of medical insurance policies.

Conclusion

This narrative review shows that research on COPD and its accompanying diseases has moved through three important
stages. First, scientists simply described how common these other diseases were. Then, they began to understand the
biological mechanisms connecting them. Now, they are moving toward precision medicine—tailoring prevention and
treatment to each individual patient.

By bringing together the latest international research and data specific to China, this review reveals that COPD is no
longer best understood as a disease of the lungs alone. Instead, it is a condition in which multiple organs and body
systems interact, with body-wide inflammation serving as a central connecting force, genetic factors creating vulner-
ability, environmental exposures triggering damage, and brain function decline emerging as a critical but frequently
neglected factor that affects patients’ ability to manage their own care, follow treatment plans, and avoid costly
complications.’ In this interconnected system, each accompanying disease is both a result of COPD’s progression and
a cause that drives sudden worsening of symptoms, increases healthcare costs, and reduces quality of life. These
relationships create self-reinforcing cycles at the level of molecules, organs, and patient outcomes.>*>

Current challenges in China. Managing COPD with accompanying diseases in China faces three pressing problems
that run in opposite directions. First, the disease burden is enormous—over 100 million patients—yet research evidence
from large Chinese studies remains limited. Second, international guidelines now strongly recommend screening for
accompanying diseases, but primary care clinics lack the tools and training to implement this, with fewer than 5% using
standard comorbidity assessment methods.''™'® Third, new technologies are developing rapidly, but their translation into
everyday clinical practice remains slow, with few locally adapted care pathways available. Addressing these mismatched
challenges requires building an integrated system that combines four elements: research evidence, practical care
strategies, useful clinical tools, and supportive health policies.'®

Care strategies. The concept of coordinating COPD care with management of accompanying diseases—called two-
way management—needs to be transformed from an abstract idea into practical clinical pathways that teams of
specialists can follow. This includes implementing the 5A framework (Ask, Advise, Assess, Assist, Arrange) in
community clinics to ensure systematic screening and support.

Clinical tools. Technology platforms that automatically assess comorbidity burden, provide intelligent early warnings
of deterioration, and explain the reasons behind predictions can help doctors make better decisions faster. These tools
must be designed for the Chinese healthcare context and tested in real-world settings.®”'%’

Policy alignment. Payment systems such as Diagnosis-Related Groups—where hospitals receive fixed payments for
specific types of cases—should reward high-quality comorbidity management rather than penalizing hospitals for caring
for complex patients. This creates positive incentives to provide excellent care, document accurately, and pay for value

rather than volume.'>!3®
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Looking ahead: a vision for precision medicine. Future COPD care should aim for three goals. Prediction: identifying
high-risk individuals before they become sick, by combining genetic information, protein markers, environmental
exposure data, and artificial intelligence tools that learn from large patient datasets.®”'** Prevention: using evidence
from Mendelian randomization studies to find biological processes that can be modified through treatment—such as
blocking specific inflammatory signals (for example, the IL-6/JAK/STAT3 pathway that connects lung inflammation to

heart and brain damage)®®'*®

—and intervening early to stop disease progression. Personalization: creating a unique
biological profile for each patient that combines their genetic makeup, current diseases, and environmental exposures,
then matching them with the most effective and safest combination of medications. For example, patients with both
COPD and heart failure may benefit from carefully selected beta-blocker medications that protect the heart without
worsening breathing.”'

Achieving this vision will require collaboration across medical specialties—lung doctors, heart specialists, diabetes
experts, mental health professionals, and primary care physicians must work together as teams.'**'*° It will also require
support from health policymakers, medical insurance systems, and technology developers. Only by making management
of COPD and its accompanying diseases a central part of China’s national health strategy—shifting from reacting to
problems after they occur to actively preventing them, and from treating single diseases to caring for the whole person—
can we truly change the current situation where patients steadily decline despite treatment. The ultimate goal is not

merely helping patients live longer, but enabling them to live better, with preserved independence, dignity, and quality of
life. 148,149,153—-155
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